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CROSS REFERENCE TO RELATED APPLICATION 

This application claims priority to U.S. Provisional Patent Application entitled 
REDUNDANCY SCHEME FOR THE RADIO FREQUENCY FRONT END OF A 
BROADBAND WIRELESS HUB, filed January 26, 2000, Application Serial No. 
60/178,154, the disclosure of which is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to broadband wireless access systems, 
and more particularly to a redundancy scheme for a radio fi-equency fi-ont end in a 
broadband wireless access system. 

2. Description of the Related Art 

Point to multi-point fixed broadband wireless access systems over MMDS 
networks are currently knovm in broadcast situations. These networks operate over 
licensed bands including the MMDS band (2,150 to 2,162 MHz), the WCS band 
(2,305 to 2,360 MHz) and the ITFS/MMDS bands (2,500 to 2,686 MHz). 

One known cable based broadband access system, which operates at a range of 
between 50 MHz and 864 MHz, but not in the MMDS, WCS, or ITFS/MMDS bands, 
is the data over cable specification system, which is specified in the Data Over Cable 
System Interface Specifications (DOCSIS), the disclosures of which are herein 
incorporated by reference. An overview of a DOCSIS system is depicted in Fig. 1 . A 
Cable Modem Termination System (CMTS) 10 communicates with a wide area 
network 20, such as the Internet. The CMTS 1 0 can transmit signals from the wide 
area network 20 along a cable network 30 through cable modems 40 to a subscriber's 



LAN or computer 50. The subscriber's LAN or computer 50 data messages can be 
transmitted to the wide area network 20 through the cable modem 40 along the cable 
network 30 to the CMTS 10. 

In point to multi-point broadband wireless access systems, one central end- 
point, e.g. the head-end, communicates through a bi-directional link or links with 
multiple end-points, e.g. the nodes. The number of nodes in communication varies in 
time and can be none, one or two or more at any specific time. 

The link(s) between the head-end and the nodes are combined into one or more 
chaimels. The signal path from the central end-point to the nodes is referred to as 
downstream, while the signal path from the nodes to the central end-point is referred 
to as upstream. 

A single upstream channel can be used to deliver information from a node to 
the head-end or from the head-end to a node or a group of nodes. If a single upstream 
channel is used for commimication from the nodes(s) to the central point, then only 
one end-point can send information on the single upstream channel at any one time. 

Wireless broadband access systems are also known in the art. One problem 
with many wireless receiver systems used in wireless broadband access systems is 
device failure in the components of the RF front end. This is an extremely significant 
problem for the wireless hub, where there are a number of receivers for each sector. 
Failure of an individual front end unit could render a whole sector useless. 

Referring to Figure 2, the downstream redundancy is based at the Wireless 
Modem Termination Station (WMTS), where two (2) or three (3) modulators 201(a) - 
(c) each connect to the same number of transmitters (up converters) 202(a) - (c), 
where each transmits in a separate downstream channel. This system may utilize a 
tuned combiner 203, to combine the signals from the transmitters 202 (a) - (c). A 
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power amplifier 204 drives the combined signal over the air. This configuration can 
also include an agile up converter as a backup (not shown). This system enables 
doubling of the downstream data rate for normal operation. Ih the case of failure (at a 
modulator or at a transmitter), the modem will stop receiving the particular frequency, 
5 and automatically will switch to a second frequency. The advantages of this approach 
include simplicity, doubling the downstream capacity in normal operation, the use of 
multiple downstream modulation schemes and/or bit rates, and optimization of the 
maximum capacity according to the receiving capabilities of the modem (distance, 
interference, multipath, etc.). Furthermore, it is advantageous to control the 

' 10 transmitter (frequency and power level) by the WMTS. For instance, an up converter 

.J 

"''•J. 

^ J transmitter manufactured by ADC, model 5100 (and others), has SNMP control. 

! y In the system of Figure 3, an upstream redundant front end scheme is shown. 

= ^ Failure in the upstream can be determined at the WMTS 304 end based on the failure 

j=f to receive an answer from all the modems on a specific upstream frequency. The 

m 15 above concept enables self-redundancy and self-healing. Alternative failure decision 
M criterion includes combining the RF test point signals from the transmitters, and 

connecting them to a special modem used for downstream "receive only" testing. This 
upstream criterion can be used together with the downstream criterion to distinguish 
between failure in the RF equipment or in the antenna(s) at the basestation. 
20 Upstream coverage uses a sectorized antenna for reception (up to 24 sectors). 

Each receiving sector includes external equipment (antenna, band pass filter, low 
noise amplifier (LNA), down converter) and a receiver. Each sector can use multiple 
upstream frequencies, by splitting the received signal from the down converter, and 
delivering it to separate receivers at the WMTS (Figures 3 and 4 describe a basic 
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configuration having four frequencies per sector). The WMTS includes eight 
upstream receiver cards, each of them including four receivers. 

Referring now to Figure 4, a front end receiver including full redundancy and 
antenna diversity is depicted. This configuration is based on the concept of delivering 
5 full redundancy without any point of failure. The schematic shown depicts a full 
redundancy configuration for four sectors. The configuration includes doubling the 
whole chain, from the antenna to the WMTS receiver, for each sector. The 
advantages of the scheme depicted in Figure 4 include: 

1 . It enables implementation of antenna diversity (dual antennas per sector); 
10 2. Full upstream redundancy, allowing the option of doubling upstream 

capacity (for high penetration); 

3. No single point of failure, and ease of redundancy control (development of 
switching mechanism is not required). 

However, the scheme of Figure 4 includes several disadvantages including 
1 5 doubling the antenna weight and wind load required for construction of the tower (e.g. 
increasing the number of required antennas for 16 sectors) and most importantly the 
high cost due to the requirement of 32 down converters and antennas for 16 sectors. 

It should be noted that in Figures 2, 3 and 4, the receivers are part of the 
WMTS, while the down converters are not. 

20 

SUMMARY OF THE INVENTION 

In one embodiment the present invention provides for a low cost redundancy 
scheme for the radio frequency front end of a wireless hub that requires a minimum 
amount of down converters and upstream receivers to implement. The redundancy is 
25 based upon an implementation utilizing N+1 elements, e.g. downcoverters and 
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upstream receivers, to provide full redundancy for N such elements. In parallel, the 
backup elements can be used to support another data stream. 

Further, the low cost redundancy scheme described above can optionally be 
utilized with a LNA redundancy module. 

In an additional embodiment, the present invention provides for an efficient 
low penetration scheme for the radio frequency front end of a wireless hub. This 
embodiment preferably utilizes as few down converters and upstream receivers as 
possible, thereby reducing cost 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be readily understood by the following detailed 
description in conjunction with the accompanying drawings, wherein like reference 
numerals designate like structural elements, and in which: 

Figure 1 is an overview of a prior art data over cable system; 

Figure 2 is a block diagram of a known redundancy scheme for downstream 
communication in broadband wireless access network; 

Figure 3 is a block diagram of known upstream receiving chain including a 
down converter and receiver; 

Figure 4 is a block diagram of known upstream redundancy scheme for a radio 
frequency front end; 

Figure 5 is a block diagram of a redundancy scheme for a radio frequency front 
end according to a preferred embodiment of the present invention; 

Figure 6 is a block diagram of a radio frequency front for a low penetration 
broadband wireless access system according to a preferred embodiment of the present 
invention; and 
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Figure 7 is a block diagram of a redundancy scheme for a radio frequency front 
end for a low penetration wireless broadband access system according to a preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The following description is provided to enable any person skilled in the art to 
make and use the invention and sets forth the best modes contemplated by the 
inventor for carrying out the invention. Various modifications, however, will remain 
readily apparent to those skilled in the art, since the basic principles of the present 
invention have been defined herein specifically to provide a method and system for a 
redimdancy scheme for the radio frequency front end of a broadband wireless hub. 
Any and all such modifications, equivalents and altematives are intended to fall within 
the spirit and scope of the present invention. 

Referring to Figure 5, it is presently preferred that the front end RF redundancy 
system is split to two sections: LNA redundancy and down converter redundancy. It 
should be noted, however, that the front end RF redundancy can also be performed 
without using LNA redundancy by simply implementing the down converter 
redimdancy depicted previously. If just the down converter redimdancy is utilized, 
then one of the LNA's 504 and the combiner (2:1) 506 can be removed. While eight 
receiving chains are illustrated in Figure 5, more or less may be implemented as 
desired. The following discussion focuses on the operation of one chain, but the 
operation of each chain is identical. 

The LNA is more likely to become damaged due to external conditions, e.g. 
lightning, and therefore more likely to fail than the down converter. This is because it 
is located on the front end (except for a narrow band pass filter 500 between the 



antenna and the LNA). The LNA redundancy concept is based on using two LNAs 
503, 504 for each antenna. The signal from the antenna is split by a mechanical SPDT 
switch 501, which has minimum loss (<0.4 dB) in order not to increase overall noise 
of the chain and should be highly reliable. The output of the two LNAs 503, 504 is 
connected to a low cost two-way combiner 505, which delivers signals to the down 
converter 507 via a splitter 506. The switching between the LNAs 503, 504 is done 
by switching the SPDT switch 501, and substantially at the same time controlling the 
DC voltage supplied to the appropriate LNA. This configuration enables "in 
operation" maintenance and replacement of the LNAs 503, 504. A Control Literface 
Card (or box) 502 which is controlled by the wireless hub accomplishes the switching 
between the two LNAs 503, 504. This card (or box) 502 is connected to the 
redundant LNA module (including two LNAs). The card 502 supplies the DC voltage 
to the two LNAs 503, 504, and a control bit to the SPDT switch 501 . The interface 
between the card 502 and the wireless hub is a RS485 interface (or equivalent), for 
cases where the wireless hub is a far distance from the LNA. 

The wireless hub controls the modules for each sector. The redundancy 
scheme is controlled by the wireless hub through the Control Interface Card (CIC). 
Failure is assumed to occur, when no received signal (or data) is received at the 
upstream receiver 508. In this case, the WMTS 520 will automatically switch 
between the LNAs 503, 504. This will be the first repair. If after this activity the 
received signal (or data) is still missing, the failure will be determined to be in the 
down converter 507 or in the receiver 508, and the wireless hub will operate the 
second stage of redundancy (described below). 



In order to check the two LNAs, the wireless hub periodically switches 
between them. The switching for testing occurs infrequently without operation of the 
LNA and will preferably be switched between upstream bursts. 

Referring again to Figure 5, a down converter 507 is located in the receiving 

5 chain after the LNAs. It is presently preferred to be a block converter of 6 or 12 MHz 
(typical 12 MHz). Typically, there will be one down converter for each antenna 
sector. The down converter 507 preferably has a high dynamic range to eliminate 
interference (intermodulation), and has a very stable local oscillator with low phase 
noise. The local oscillator is preferably locked on a reference oscillator, perhaps 

10 derived from a GPS receiver which is part of the wireless hub. 

Down converter and receiver redundancy in Figure 5 is obtained by using a 
backup chain of one down converter 510 and one upstream receiver 5 12 as a backup 
for up to eight (or more) other receiving chains. In Figure 5, each antenna has a first 
stage of redundancy for the LNA as is described above. A splitter 506 splits the 

15 output signal of the LNA redimdancy module (two LNAs 503, 504 for each channel) 
and delivers the output signal of the LNA redundancy module signal to both a directly 
connected down converter 507 and to a backup down converter 510. A switch 509, 
preferably a SP8T switch, is used to route the output signal of the LNA redundancy 
module from the selected down converter 507 to the backup down converter 510 and 

20 upstream receiver 512, This switch 509 is controlled by the wireless hub, through a 
Control Interface Card (CIC) 511. The CIC 5 1 1 is connected to the wireless hub by 
an RS485 or similar interface. 

The detection of a failure will be made by the wireless hub. As has been 
described above, a failure decision will be made when no receiving signal (or data) 

25 occurs. In this case, the wireless hub will automatically switch to the alternate LNA. 
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This will be the first fix. If after this activity the receiving signal is still missing, the 
failure will be indicated to be in the down converter 507 or in the receiver 508, and 
the wireless hub will operate the second stage of redundancy. By controlling the 
LNAs and switch 509, the signal will be sent to the backup down converter 510 and 
backup receiver 512. 

An example of the utilization of the above described scheme can for example 
have 16 sectors in which case two switches, 18 down converters, and 18 upstream 
receivers will be used. For seven sectors, only two upstream receiver cards are 
needed. The backup upstream receivers are located on separate (or mixed) cards fi"om 
the direct receivers, such that failure of any receiver card is fully backed up by the 
other cards (in a system including multi-channel cards). 

The above concept can be used with the scheme describe above with respect to 
Figure 2 to deliver multiple upstream channels per sector, by splitting the signal fi:om 
each down converter to several upstream receivers. The above concept can also be 
implemented with SP4T or SPDT switches for low penetration, when only four or two 
sectors are used. 

An advantage of the above configuration is that is does not have any common 
points of failure. The splitter 506 is a passive xinit, and is thus unlikely to fail. The 
switch 509 also has a very high affective MTBF (Mean Time Between Failure), and 
even if the switch 509 fails, the signal has a parallel path to the direct down converter. 
Other benefits of the embodiment include regular operations when no failure is 
detected, and the opportunity to use the backup chain (backup down converter and 
backup upstream receiver) to double the data capacity on any one of the sectors ad 
hoc. The backup chain can be used on a separate fi-equency, and dynamically routed 
to support the busiest of the other sectors. 




The added cost for redundancy for eight sectors is only an additional 8-way 
low cost splitter, a down converter, a switch, a CIC (Control Interface Card), and an 
upstream receiver, which can be used for doubling the capacity of one sector. This 
system is thus far less expensive than the additional equipment costs described with 
5 respect to the system of Figure 4, 

Since one of the goals of the redundancy concept is to minimize the number of 
down converters at the wireless hub, this in turn reduces the cost of the wireless hub. 
To further reduce costs, it is preferred that the down converters are integrated with the 
wireless hub. This has the following advantages: better failure diagnostic and 

10 redundancy schemes by allowing greater control and probing of the down converter by 
the wireless hub; higher dynamic range with a gain controlled by the wireless hub for 
better matching of the input level range to the receiver, and lower cost. 

Referring now to Figures 6 and 7, a low penetration configuration is based on 
an architecture similar to the one described with respect to Figure 5. The low 

15 penetration configuration enables a low cost solution with or without redundancy. 

This configuration is based on time sharing of the down converter and receiver for the 
low penetration period. The configviration can be expanded to the high penetration 
configuration when it is needed, using the same redundancy elements as described 
with respect to Figure 5. 

20 A configuration for low penetration should be low cost, but should also have 

the basic elements and allow for simple expansion capability, with no reduction in 
performance. The present scheme involves the use of sectorized antennas and the 
same number of LNAs, but only one down converter 703 (or two 706 for redundancy) 
and one or two upstream receivers 704, 707. Using eight antennas (and eight LNAs), 

25 instead of one omni antenna, improves the signal to noise ratio by about 9dB, and 
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enables reception from a longer distance (the same distance that will be used for high 
penetration conditions). 

For an eight sector antenna, a switch 702, preferably a SP8T switch, is used to 
route the received signal from the eight LNAs to the down converter 703. The 
5 switching is preferably enabled on a burst by burst basis, or by gathering in time the 
bursts from some customers in the same sector. The wireless hub controls when the 
upstream bursts are assigned a time slot via the same Control Literface Card (CIC) 
that is used for the high penetration redundancy. The redxmdancy for the 
embodiments of Figures 6 and 7 are performed separately for the LNA and for the 

10 upstream receiver as was described with respect to Figure 5. 

The added cost for a single sector is an antenna and the LNA(s), but these 
elements are also used when moving to high penetration, and they deliver better signal 
to noise ratios without higher cost. The added cost of the switch 705 can be offset, 
because it can be used for redundancy later at high penetration periods as was 

15 described before. The cost savings includes the cost of the seven down converters 
which are needed for high penetration, eight sectors and an upstream receiver card. 

Furthermore, an advantage of the schemes described with reference to Figures 
6 and 7 is that it is easy to install many additional demodulation channels, thereby 
increasing the capacity in a relatively short time. 

20 The systems in Figures 5 through 7 operate according to the DOCSIS 

specifications which are incorporated herein by reference in their entirety as if fiiUy set 
forth herein. 

Those skilled in the art will appreciate that various adaptations and 
modifications of the just-described preferred embodiments can be configured without 
25 departing from the scope and spirit of the invention. Therefore, it is to be understood 
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that, within the scope of the appended claims, the invention may be practiced other 
than as specifically described herein. 
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